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Influence of air drying and freeze drying on cadmium fractions in paddy soils

LU Lan, TANG Kaizhao, WU Cong, WANG Shuai, LIAO Wenjuan, YIN Lichu, ZHOU Weijun, CUI Haojie"

(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: Chemical extraction of Cd from air—dried soil samples is a commonly applied method used to analyze available Cd in paddy
soils. Although during the air—drying process, a range of different physical and chemical properties will contribute to altering the fractions
of different Cd species in fresh soils, the characteristics and mechanisms underlying changes in the Cd fractions of paddy soils subjected to
different fertilization treatments are still incompletely understood. In this study, using natural air-drying and freeze—drying methods, we
investigated the effects of drying on changes in Cd fractions and the content of chemically extractable available Cd in paddy soils that had
undergone different fertilization treatments. The results revealed that the contents of chemical extractable available Cd in freeze—dried
paddy soils receiving different fertilization were significantly lower than those in naturally air—dried samples. The contents of extractable
available Cd in freeze—dried paddy soils that had undergone the long—term application of chemical fertilizer and high—dose organic
fertilizer were reduced by 56.5%~69.2% and 50.8%~66.3%, respectively. In contrast, the amount of extractable available Cd in paddy soils
with the long—term application of low—dose organic fertilizer was reduced by 16.9%~22.3%. Compared with the naturally air—dried

samples, we detected significant changes in the fractions of exchangeable, organic bound, and iron—-manganese oxide-bound Cd in freeze—
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dried samples with long—term application of chemical fertilizer and high—dose of organic fertilizer, whereas the fractions of exchangeable

and carbonate—bound Cd showed clear changes in paddy soils that had received long—term application of low—dose organic fertilizer.

Differences in the soil particle composition of air—dried and freeze—dried samples were found to have slight effects on the chemical

extraction of available Cd from paddy soils. Furthermore, correlation analysis revealed that changes in soil pH and the contents of organic

matter, exchangeable iron, and ferrihydrite in soils had a considerable impact on the extraction of available cadmium during air drying and

freeze drying. Consequently, with respect to the extraction of available cadmium from paddy soils, attention should be paid to the

differences between air—drying and freeze—drying methods.

Keywords: air drying; freeze drying; paddy soil; available cadmium; chemical extraction
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Figure 2 Varies of Cd chemical species in paddy soils with air drying and freeze drying
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BT KT RE A Y 2.83~3.62 mg - kg™, T T FE & H
A AR S N 14.9~17.7 mg kg, B EH T RT
FE SR 13.5~15.6 mg- kg o A [R] i AR A% FH 4358 % T
FE P RERR AT T S g = TR b, TR R AR 25
AR WA T AT AR S (A T U s R 22
ERaPNTE .

A5G, KR 3R A pH(E X W 1 TR
THE S XA RS PR T R A HUE BRI 55 R
il B2 R A8 40P A0 4 5 K A R PR R TR A D, K
et HH A B8 A SR ) B R A AR I SR 2 R
FAT s A R 0L B R, s |y S nT LU AR Ay
s A3 I L, AT BOR R 3Ep A AL 5
P RBEAIRE A T X i e A ALIE
BANR S R 2R RN EE, RS HAa L& &
A WA JEE Fe (1) A9 45 A 1E FI AR 5558, DI 4
TR B A A Fe( 1) B4R AL SN K A5 LT
0013 R I 07 N [ w47 1 D e e B B U
HERE AR 22 5, W] BB AP T b PR R

A2 SO RN P M AN T R 3 ) 1) 245
TET 3 R v, A R 3 b A [ R Fe (1) B %8040
Z AR SE MR, I Bk AR A S5 TCALR A AT
ek Fe (11 ) By 44, i A HL BT 38 12 25 & 1E FHBEAR T
Fe (1) 404k R 33 AT GRS 4 it FH AR IE -+ g
T 5 e 4 A58k O e W AR TR AR i E 2R A
T3 —J7 T, KA A HUIE R R R T A
PTG EE R TR T A B AR HE T 3B A WL 25 A Ak
BTG AL o A 4R R Ab B b DR AR R T Ak BT BB AR
PERG H A B RS Fe (1) 3 3o S0 S B TR J K Bk
W, A A5 LT i 55 it o S A R 5 i LR T
at % AT, 55 A K R FER T R b L AT
FHBIRR AR TE AT 2™, 33X T g2 AN Rt I - 38 T
B P A B AR R B e TR A S R 22—
24 REFRAXTLEFRNKXNEURERERE
R B 22

S FR T Ak B3 A v = 38K 43 2 BRI
s A R AR . TR L 2 TR
TR it AT SRR HL A T e (R MY 3 AT R ol A
T4 7 XA B AR P ESOR R N O A A —
1) 2 5, S T 520 e ELE X 60 %) [l 45 R A RV . o T )
AN TR 4 7 2QF 3RO /N 25 56 e R
S FR BRI R AT AR T 443513 10,60
H #1100 H i , 285 %4 0.1 mol - L CaCL k7 H 304
SRR AR, 45 R ANE 3 s . KT AREE bR
Ivi] H B0 0 3t P AR A L ML A s A LI
- 358 R A S R R IR 43 1) R 0.099~0.113,0.206~
0.216 mg-kg " F10.176~0.179 mg kg™, i 7 T AL H T,
TN [R) E #5 i 0H t HARIE H A FUIE A S
HLAE 4 58 rp A7 25038 4 B2 BCEE 43 501 8 0.034~0.041
0.172~0.196 mg- kg™ #10.057~0.080 mg- kg™, #FhT

F2 AEFHEAXT LEEARELMR
Table 2 Physicochemical properties of soils with air drying and freeze drying

RN v FERiING L HEORFIE S8 i Content of different Fe species in the soils/(mg-kg™)

Dq:y}igff q siﬁe pH Organic mitter/ LTS 55 it T LAk AR ARk AR FERRERT )
(mg-kg™) Exchangeable ~ Amorphous oxide  Crystalline oxide Magnetite Clay

AT C 5.05+0.02a  21.8+0.6b 0.21+0.01b 2.93+0.05a 15.4+<0.1b 0.46+0.0la  8.40+0.25a
Air drying L 4.87+0.02a  30.2+0.3b 0.2240.01a 2.83+0.04a 15.620.1b 0.50£0.06a  8.64+0.28a
H 4.96+0.0la  38.4+0.3a 0.39+0.02a 3.62+0.05a 13.5+0.2b 0.44+0.04a  8.03+0.36a
% C 4.96:0.03b  22.9+0.6a 0.30+0.01a 2.84+0.03b 17.7+0.1a 0.55+0.06a  7.90+0.69a
Freeze drying L 4.72+0.03b  32.2+<0.la 0.22+0.01a 2.67+0.02b 16.9+0.2a 0.54+0.03a  8.15+0.19a
H 491+0.02b  38.6+0.3a 0.33+0.02b 2.71+0.07h 14.9+0.1a 0.53+0.03a  7.77+0.40a

VE [ A B 5 AN )N B30 [l — S AR AN R] 4y U2 1] 22 5 W25 (P<0.05) .

Note: Different letters indicate significant differances at P<0.05 level among different drying treatments.
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Figure 3 Effects of soil particle sizes on the contents of available Cd extracted from the soils with air drying and freeze drying
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Table 3 Correlation coefficients between physicochemical properties of soils and extractable Cd in soils with different drying methods (r)

ALY B

nEg 10 4 BETH

KT Air drying T Freeze drying

Physicochemical property 0.01 mol L™ CaCl, 0.1 mol L' CaCl, DTPA  0.01 mol-L" CaCl, 0.1 mol-L" CaCl DTPA
pH ~0.979% -0.956%% —0.874%* ~0.969% ~0.980% -0.964%%

A HUE Organic matter 0.549 0.723* 0.779* 0.276 0.315 0.500
L2545 Exchangeable Fe 0.121 0314 0.415 ~0.886% ~0.855%% -0.754%*
5505 2 A4k Amorphous oxide -0.051 0.163 0.247 -0.723% -0.726%* -0.809%*
fi 4 AL 2k Crystalline oxide 0.003 -0.217 -0.324 0.042 0.000 -0.202

T R IR TE 0.05 GBI F10.01 CRUI ) 7K 1 8 3 AH 6

Note: *and ** mean significantly correlated at 0.05(two—tailed test) and 0.01 (two—tailed test) levels, respectively.
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